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A Study on the Substructural Synthesis Method using the Spatial Properties

A Ao |

Woo-Jin Jung and Hun-Gon Lee
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ABSTRACT

The Substructural Synthesis Method is effectively used for the calculation of complex structures.
An alternative substructural synthesis, using spatial properities which can be directly inedtified from
the frequency reponse function, was proposed. It has been shown that the rotational degree of freedom
in the coupled region should be required to synthesize the substructures and the residual effect in the
rotational degree of freedom should be considered. Through the simulations and experiments, this
alternative was proven to be useful for the dynamic analysis of complex structures

A 7259 FE5A 4L £ %H"—‘Pi‘]"] u}
Ha A uy 2% ode 2xE9
off ¥la Hwr} Hox|& ul
aA F7ksA el o] A
o] 7redt 5 FRAE B¥gsm, 7 3
o sl SHF 2 AHES HAF A3
AM Al st AA FRA e TEA 8
A& FYAY, 274 Aelg 7F2ES o] m
A o] & M7 HEo] o A Ay
A o]2HQl AL T ALY 4 gl
= % B F = 3§ A ¥ ( Substructural Synthesis
Method) & Al-&-3l= Ro] A Ao}, ZE Fx
FAHA = (1) $EEALE o143 9 (2) =%
E 54 & ol &3 WYY 5] 9l 2, Etsujiro
Imanishi® %5 2 2} § 74 A & A 9 (free-interface

-{o
o 1 R
BN
e
N

‘A, Ssrd T

method) ¢} UF<l 7}4HA g (dummy mass) & o)
£3te], ZAgFelMes SAHYLL, uAFHre
29 Ay 43¢ o4 ¥ TR FAEL A
Astedeh, Aoz A AA gAEe nA A
A 34 (fixed-Interface method) o] wlzjA] 32
A=} oAAA s sppAdey =i Al B
E A7 (residual effect) E o] &-35}e] 39 APz =
oAl "k, zev spdA YL ARl s}
AT AEo] of¥the o] Uch W A4
T8 JEE e A 2AFEo g A7 9
= Aol X7t JET, B dFME A 28
T AREL HA ARE QD HH AfEe] d 2
of 9= & ofsle] Guyan Sopuby e A4
TR 2RdE o]fsle] mAslgon, REA 9
SHITEREH FEA EAYPEL AZET o
E S4YYES Vel B E7E veistd gy
She 2L B8 T2 YL AA g

SAZLETSSHEX A 3D A 23, 19939, /145



2. 00 E

22 Fxg S4¥¥E Y MY
vzt AREAS] FEHAAS A (D 2o
AR

(MU x (OY+[K{x ()} ={f}exp Gwt) (1

A ZRAES o3k A BHSG Df BiE
gH [¢]E o] &3H ﬂ/ﬂ%ﬂ""‘ AR an
(w)t D}'u"’]’ F} ] _:S.’w:. 9\13}—

xJ(a) Y ¢JT¢kr
aix(w) = AP 21 P (2)

A el skt 9”9 7} kRl Agwthd 4

(3y=F zFe] viebd & rh
X1 0
X2 0
(K-t MD|  |=| (3)
Xr Sx
Xn 0
A (& olgstel (M), [K]9) w1A5E 423

o fr

G ofeibx wpge] glouh 09 & e 24
W au0)E o188 WS AHEshseh

—{alk a’u“'a/nk}{O}T'“{O}T ke
{O}T{alk aZk'”ank}"'{O}T ki
L{O}T * {alk CYZk"'a/nk} krm
nX nt n'x1
'[wzmk wzcm * wzank}{O}T-“{O}T mu 0
{O}T{wzalk (1)2(1’2k . wzank}{O}T nh2
= . (4)
1
L{0}" « {0’ais @Paee * @Pane) Man 0
nX n nx1 nx1
AP 2l Ae [M], [K]7F ARHolmz 4

W)= g A (59 FAZ A 5 olrh
[d(w)] {s(K)}— o d(w)] {s(M)}= {c} (5)

nxXp pXxl1 nXp pX1 nx1
o 7)A,

p=nxX{n+1)/2

{S (K)}T:{kIZ ki kin ko kog

NEZHEX| A3 A2E, 19939

an k33 k34"‘knn}
{S(M)}T:{mlz Nl Min Moz Moz

Man "33 Wlu"‘”lnn}
{c}"={0 0 0---1:-0---0}
[d(w)]=
e Qop Qse* Qne O 0 ¢ 0 ¢ o o o o o 0
0 me - A A e 0
0 0 Qe * * @ * *» =« 0
0 0 * ca@a * * * @ e Unn

A (5)¢ e Fal7) gete] (n+1)/2708 M=

2 Fa4 24e] sy o)F 1A FI
(fixing frequency) 2 Ao}, & (nt+1)/2709]

374 F55 daA A GE e A 03 2

o] ¥t}
[d{w)] [w? d(w)]
[d((t)z)] [a)22 d(a)z)]
{s(K)}—
[d(a)r)] [(1)1'2 d(wr)]
{c}
{c}
{s(M)}=| - (6)
{c}
q714, r=(n+1)/2
v, [Diw] {s(K)}—[D:(w)] {sD}={C} (D

Zre wo g oE (n+1)/2708 1ARF
of 3 A4

[Ds(w)] {s(K)}—

Al (D A @)
T5HH

{(s(K)Y=[DD:i(@) 1" ([Da(w)] ' —

F-shpo]

[Di(w)] {sM)}={C} (8
o] g-3sle] {s(K)}, {s(M)}&

[Di(@)]7{C)

(9)
{s(M)}=[DD:(&) 1" ({Di(@) ] = [Ds () TH{C}
(10)

3714,

[DD\ (@) 1= ([Dz((l))]_l[Dl(Cl))]
—[ D) [ Ds(w) D

[DD: () )= ([ Di () ][ D2 (@) ]
'—[Ds(a)) ]_1[D4(a)) ])



oldf [M],
[A 7} S g

22 Fx8 EMYHEE 0|23 BEE gAY
FE T2 dods gy

FAYPe] F2 o]&EH Y} o]5L EfulEd 9§
A A= F&3 AgydPs Falof ¥ 2
Ay F2E EA8Y S o83l R8sy
- W2 AP ook, BE FRA I, 1
o dsiy AgF-E B, C, vAFHEE A D= 3
I Aol PF YA 7]Esty FEHEERAE o)

435 Al 1D 3 Zo] T3 = Q).
(MU at+[Kq)={F) 11
MIAA M[AB 0

[M]=| MP* MPP+ M My~
O [I4IIDC MIIDD
KM K2 0
[K]=| K KPP+ K., ¢ K, °
0 K> K

Xa Fa
{a}=|xs| (Fl=|Fst+Fc
Xp FD

o2t A (1D)E o] &3te] AA F2E o
54 A4e & 5 Ak

3. AlE2folM

31 Zas Be NRT ma
FEE $4A AYPIN BE AFES 13
Aol b Fod AR SAAfEd da S

o
o
=

959, =3 YYAHBET foasdw
o WHAREA] oJuirlx] FAAH So02 BT ja
bl WA Agield Waw AfEe
& P87t 9lew Fig 19 ¥ 2z gz v
. Guyan Feophy] & Algsle] 728 =4
PLEL A5 F o5 EHYPLYEL o) 43sie 1

AHEE Ak oW g §¥ 22
CODE+= ANSYSZ o)gslgon, 92nsl x84
9] o =d(full model)o] A}4-¥ noded== 217H0]
o g A2 60702, A FBe 3R kel
o, a8z ¢k w24 (reduced model) & o]y 9}
2B F  A+X (master degree of freedom) &
27t 3hst N2 s, o% @ Ag Bwe
77 sz shedh md mel Pwe BAAL

4>L

fo o mlo 2 ath tn o fr
o o
o]:) e

Table 13} Zt},
(1) B 24 (beam model)

%o} mde F Af59 EHE Table 29 7ol
3FFE 3l A W (synthesis model) 3} ¢ =
9 (full model)&] w# #E4E wlwsle] Table 3

Coupled Reg:on

300

I 300

_. Coupted Region
~

’ 3 \ I
\

300

“ _l
\ /
] /

450

Y T 300
[ BANNNN
|
y Cou.pedf

Region

j
4

P -

> = e\

(c) P —lsg

(a) Beam model : (b), (c) Plate model

T~
e 300

Fig. 1

Table 1 Physical properties of beam and plate model

Beam model Plate model

Young’s modulus I 0.178E+12(N/m? | Young's modulus | 0.178E~12(N/m?

Mass 1.1775(Kg/m) Mass 1.1775(Kg/m?)
Inertia moment | 3.125E—10(m*) | Poisson ratio 0.3
Cross section 15E~4(m?) Thickness 0.003(m)

Table 2 The master degree of freedom : Reduced beam
model

No.| The master degree of freedom of Reduced beam
model

1 | Translation DOF in every master DOF

Master DOF in coupled region: Translation/
2 | rotation

Master DOF in uncoupled region : Translation

3 | Translation rotation in every master DOF

ok
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Table 3 Comparison of

beam model

A5t ARl AE

At

natural frequencies : Reduced

Full model Synthesis model(Hz)
Mode
(Hz) @ @ ®
1 10.95 24E-6 10.95 10.95
2 68.62 30.74 68.65 68.64
3 192.15 192.79 192.84 192.50
4 376.56 279.79 382.54 378.97
5 622.56 648.18 637.79 631.80
6 930.188 776.94 958.67 945.33

Table 4 The master DOF :plate model in the same

(2) ¥ =9 (plate model)
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Fig. 2 Comparison of point receptance (4/M) at point
10 Uz, RY “3” between full and reduced model
Table 5 Comparison of natural frequencies : plate mode in the same plane
Full- Master degree of freedom in the coupled region(Hz)
Mode Model
(Hz) @ @ ® @ ® ® @ O
1 4.5915 0.134 0.130 4.507 4.507 4.507 0.232 4.505 4.505 4.505 4.505
2 23.9629 9.839 9.840 23.98 23.98 23.98 9.840 23.98 26.19 26.19 26.19
3 28.4704 23.91 2391 26.19 26.19 26.19 23.91 26.19 26.19 26.19 26.19
4 76.6223 66.50 66.50 77.44 77.44 77.44 66.53 77.54 77.54 77.54 77.54
5 80.1009 77.07 77.07 78.44 78.44 78.44 77.02 78.39 78.39 78.39 78.39
6 142.436 139.3 139.3 147.0 147.0 147.0 138.5 148.1 148.1 148.1 148.1
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Table 6 The DOF : Plate model in the different plane

No. Horizontal plate Vertical plate
1 | UX, UY, UZ, RX, RY | UX, UY, UZ, RZ, RY
2 | UX, UZ, RX, RY UX, UZ, RZ, RY
3 |UX, UZ, RY UX, UZ, RY
4 | UZ, RX, RY UZ, RX, RY

Table 7 Comparison of natural frequencies: Plate

model in the different plane

Master DOF of coupled

Mode Full model region(Hz)
(Hz)
@ @ ® @
1 11.2658 11.171 | 11.171 | 11.338 | 0.401

34.6741 36.463 | 36.463 | 37.638 | 1.364

61.4102 57.706 | 57.748 | 57.776 | 12.646

95.6956 77.459 | 77.498 | 77.525 | 45.979

118.704 125.40 | 125.44 | 127.26 | 79.073

| OV s W DN

161.252 150.03 | 154.49 | 155.72 | 119.51
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Table 8 Comparison of natural frequencies: Beam
model

Full model(Hz)
Mode | Fixed-Free Free- | Fixed-Free Free-
¢=300| ¢=600| Free |¢=300|¢=100| Free

Direct Id. model(Hz)

1 43.8019(10.9505(1.73E-4| 43.80 | 10.94 |1.76E-3
2 274.50268.6257 |2.06E-4| 274.64 | 68.67 |1.90E-3
3 768.6241192.156|278.723| 769.16 | 192.48 | 278.78
4 1506.25|376.567 | 768.323 | 1508.2 | 377.46 | 768.78
5 2490.16 |622.5601506.27 | - - 1508.45
6 3720.50 [930.188(2490.23 - - 2513.58
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Table 9 Comparison of natural frequencies: Plate

model
Mode Full model (Hz) Direct Id. model(Hz)
1 28.8178 28.812
2 70.9553 70.978
3 182.154 182.183
4 234.948 236.386
5 268.239 267.790
6 486.717 487.195
7 560.624 591.824
8 606.984 832.736

Table 10 Comparison of natural frequencies

Full model(Hz) Synthesis model(Hz)

Mode | Beam model | Plate | Beam model | Plate
(a) (b) |[model| (a) (b) | model

1 309 | 10.95 | 46.16 | 31.41 | 11.00 | 47.02

2 85.3 | 68.62 | 75.12 | 86.68 | 70.10 { 75.13

3 167.3 | 192.1 | 129.8 | 168.7 | 192.6 | 133.5

4 276.6 | 376.,5 | 176.3 | 277.9 | 3859 | 189.4

5 413.0 | 622.5 | 2355 | 513.4 | 623.2 | 242.2

6 577.2 | 930.1 | 263.0 | 949.4 | 928.4 | 273.4
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Table 11 Comparison of natural frequencies

Direct Id. model (Hz) Experiment (Hz)
Mode
£=450 £=200 =450 £=200
1 14.56 67.63 14.54 66.10
2 89.63 423.8 89.52 424.2
3 249.6 1186.8 248.0 1127.0
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Table 12 Comparison of natural frequencies

Mode| Synthesis model(Hz) Experiment(Hz)

1 45.51 45.00

2 124.06 125.11

3 243.21 237.43

4 402.07 397.25

5 600.71 586.87

6 839.14 817.50
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Fig. 12 Comparison of point receptance (x/f) at point

“1” between synthesis and experimental model
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Table 13 Comparison of natural frequencies

Mode Full model (Hz) Synthesis model (Hz)
1 10.9533 10.98486
2 68.6257 69.34158
3 192.1568 192.3751
4 376.567 381.2135
5 622.560 628.5681
6 930.188 931.5646
7 1299.641 1416.401
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